The experiment was conducted to investigate the effects of dihydropyridine supplementation on the laying performance and lipid metabolism of broiler breeder hens. A total of 720 forty-five-week old broiler breeder hens were randomly divided into four experimental groups, each group consisting of six replicates of 30 birds. For 10 weeks the birds were fed a maize-soybean meal diet containing 0, 100, 200, 300 mg dihydropyridine/kg, in the respective treatment groups. The daily egg weight and daily feed intake were not affected by dihydropyridine supplementation, but the laying rate and feed efficiency were significantly increased. The percentage of abdominal fat and percentage of liver fat were significantly decreased by dietary dihydropyridine. A level of 100 mg dihydropyridine/kg had no effect on hormone-sensitive triglyceride lipase (HSL) activity in the liver or abdominal fat, though higher levels of dietary dihydropyridine (200 mg/kg or 300 mg/kg) increased HSL activity in the liver and abdominal fat. The concentration of cyclic adenosine monophosphate (cAMP) and superoxide dismutase activity were significantly increased by dihydropyridine, but the malondialdehyde content decreased. The apolipoprotein B concentration was increased at levels of 100 and 200 mg dihydropyridine/kg, but the 300 mg level had no effect on apolipoprotein B, compared with the control group. The triiodothyronine concentration was significantly increased by dietary dihydropyridine. It is concluded that supplementing dihydropyridine in the diet has a beneficial effect on the laying performance and regulates the fat metabolism of broiler breeder hens. The results suggest that the supplementation of 200 mg dihydropyridine/kg diet is the optimal dose for broiler breeder hens.
Introduction
The modern commercial broiler is the product of intensive selection over many generations, for rapid growth and enhanced muscle mass. Selection for these economically important traits has been accompanied by an increase in voluntary feed intake, resulting in excessive fat, which adversely affects the reproductive performance, and induces fatty liver syndrome (FLS) . Fatty liver syndrome is characterized by excessive deposition of fat in the liver due to failure in the lipid metabolism (Butler, 1976; Aydin, 2005; Yousefi et al., 2005) . The common symptoms are low-level mortality, sudden drops in egg production and fat content in livers ranging from 40% to 70% of the dry liver weight. From a pathological point of view, liver haemorrhaging causes death, it enlarges the liver that has a light brown to yellow colour and is very friable, and a large amount of fat accumulates in the liver, abdominal cavity and around the viscera (Fowler, 1996; Riddell, 1997) . Death is usually caused by fatal internal haemorrhage originating in a portion of the liver. Many studies on FLS in laying hens have been conducted, but there is still no effective solution to overcome the problem.
Dihydropyridine is a new multifunctional antioxidant in food (Kourimska et al., 1993; Smagin, 1998; Tirzitis & Kirule, 1999; Panek et al., 2000; Tirzitis & Hyronen, 2001 dihydropyridine showed antioxidant and immunological activities in ducks (Bakutis & Bukis, 1984) and chickens (Val-Dman et al., 1990) . Dihydropyridine improved the health of cows, improved the quality of milk and increased cow fertility (Sutkevicius et al., 1984) . It also reduced body weight loss in slaughter cattle during transportation to the meat-packing plant (Spruzh & Igaune, 1991) . Dihydropyridine also regulated lipid metabolism in humans (Zhang et al., 2002) . Studies indicated that dihydropyridine could improve the laying performance of hens and decrease their hepatic and abdominal fat content (Zou et al., 2007) . However, there is no report on the regulation of lipid metabolism by dihydropyridine in broiler breeders. The objective of this study was to evaluate the effects of dietary dihydropyridine supplementation on the laying performance and lipid metabolism of broiler breeder hens.
Materials and Methods
This experiment was conducted according to the protocol approved by the Northwest A&F University Animal Care and Use Committee, China. A total of 720 healthy, 45-week old broiler breeder hens were randomly allocated to four groups with six replicates of 30 birds per group. The hens were fed a basal diet consisting of maize-soybean meal (Table 1) in which the respective experimental treatments, 0, 100, 200 and 300 mg dihydropyridine/kg, were included. The dihydropyridine was provided by Sunpu Biochem. Tech. Co., Ltd, Beijing, China. The hens were housed in battery cages with two per cage, and had free access to feed and water. The experiment lasted 10 weeks. Throughout the experiment the photo-period was set at 17 h light and 7 h dark. Feed intake, number of eggs and egg weight were recorded daily.
At the end of the experiment, two birds from each replicate were slaughtered humanely after a 12 h fast but with free access to water. The abdominal fat pad and liver weights were recorded.
Blood samples were collected via vena cava puncture. The serum was harvested by centrifugation at 1 000 g for 10 min and then stored at -30 °C pending analysis. Liver samples were homogenized and dried to a constant weight at 105 °C. Fat from the dried sample (2 g) was extracted with a chloroform : ether mixture (5 : 1) in a Soxhlet apparatus for 8 h, and the extracted sample was dried at 105 °C to a constant weight. The hepatic fat percentage was calculated as: fat weight/dry liver weight × 100%. The liver tissue was homogenized in a 0.9% sodium chloride solution to make a 10% hepatic mixture, which was then centrifuged at 2 000 g for 10 -15 min. The supernatant was collected for laboratory analyses. The superoxide dismutase (SOD) activity was determined with colorimetry by using an assay kit provided by the Nanjing Jiancheng Bioengineering Institute. Apolipoprotein A (ApoA), apolipoprotein B (ApoB) and malondialdehyde (MDA) concentrations were determined on an UV-2,000 spectrophotometer (UNICO Instruments Co., Ltd., Shanghai, China), using analytical kits obtained from the Ningbo City Bio-chemical Reagent Factory and the Nanjing Jiancheng Bioengineering Institute, China. Serum triglycerides (TG), cholesterol, high density lipoprotein-cholesterol (HDL-C) and very low density lipoprotein-cholesterol (VLDL-C) concentrations were measured in an ERBA CHEM-5 semiautomatic biochemical analyzer, using analysis kits provided by Ningbo City Bio-chemical Reagent, China. The hormone-sensitive triglyceride lipase (HSL) activity was measured, using the method reported by Shih (1995) . The fat was minced and homogenized in 10 volumes of a pH 7.0 medium containing 0.25 M sucrose, 1 mM EDTA, 4 μg leupeptin/mL, 1 μg pepstatin A/mL and 1 mM dithiothreitol, and centrifuged at 105 000 g for 45 min at 4 °C. The superficial fat cake was removed and the clear supernatant decanted and used for the assay of HSL activity, based on the standard assay procedure of Nilsson-Ehle & Schotz（1976). The assay substrate was prepared immediately before use to give a final concentration of each reagent in the 200 μL assay volume as follows: 100 mmol/L Tris HCl, pH 7.0; 5 g/L of BSA (fatty acid-free, fraction V), and 4.58 mmol triolein/L as substrate. One HSL activity unit is defined as the concentration of enzyme that hydrolyzes 1 μmol of olive oil in one minute at 37 °C. Concentrations of triiodothyronine (T3), thyroxine (T4) and insulin in serum were measured, using a RIA kit (Beijing North Immunological Institute, China) and a gamma-counter (Packard 8500, USA).
All the data was analyzed statistically, using the general linear model procedure (SAS, 1989) and the significant differences between the groups were determined with the Duncan multiple range test.
Results
Compared with the control group, supplementing dihydropyridine improved the laying rate and feed efficiency of the hens significantly (P <0.05) ( Table 2) . Supplementation of 100, 200 or 300 mg dihydropyridine/kg diet increased laying rate by 8.5%, 12.4%, 12.7% (P <0.05), and improved feed efficiency by 7.0%, 9.0%, and 8.7% (P <0.05), respectively. There were no significant differences in the laying rate and feed/egg weight between the treatment containing 100, 200 and 300 mg dihydropyridine/kg diet (P >0.05).
Dietary dihydropyridine decreased the liver fat percentage significantly (P <0.05, Table 2 ), but differences between the different doses of dihydropyridine were not significant (P >0.05). The abdominal fat percentage did not differ between the control group and the 100 mg dihydropyridine/kg treatment (Table 2) , but the 200 and 300 mg/kg of dihydropyridine supplementation treatments decreased the abdominal fat percentage (P <0.05) compared with the control group. Furthermore, the higher levels of dietary dihydropyridine supplementation (200 and 300 mg/kg) increased HSL activity (P <0.05) ( Table 3) .
Dietary dihydropyridine supplementation increased the content of cyclic adenosine monophosphate (cAMP) and SOD activity (P <0.05, Table 3 ), and decreased the MDA content (P <0.05). Levels of 100 and 200 mg/kg dihydropyridine increased ApoB concentration (P <0.05, Table 4 ), but 300 mg/kg dihydropyridine supplementation resulted in no difference in ApoB concentration compared with the control group. The T3 concentration was significantly increased by dietary dihydropyridine (P <0.05). However, there were no differences in liver ApoA, serum cholesterol, TG, HDL-C, VLDL-C, T4 and insulin concentrations between dietary treatments. 
Discussion
The results of this study suggested that dietary dihydropyridine could significantly improve the laying performance of broiler breeder hens, similar to the results in egg-type laying hens, reported by Chen et al. (1993) and Zou et al. (1998; 2007) . This study showed that dihydropyridine supplementation significantly reduced the abdominal fat percentage of hens at the late laying stage. Borchni et al. (1991) and Zhang et al. (2002) reported that dihydropyridine decreased the serum lipid concentration through restraining synthesis and absorption of triglyceride and cholesterol. In the present study the dihydropyridine significantly increased HSL activity in abdominal fat. HSL is the key enzyme in adipocyte lipolysis (Diaz et al., 1999; Lien & Jan, 1999) which can hydrolyze triglyceride to glycerol and fatty acids to meet body requirements. HSL activity is affected by cAMP directly and this study indicated that dihydropyridine improved cAMP level in the adenohypophysis of broiler breeder hens. The cAMP acts as a secondary messenger to activate protein kinase which activates HSL by phosphorylation to make it functional in lipid hydrolysis.
The present study demonstrated that dihydropyridine significantly increased SOD activity in the liver in broiler breeder hens, and significantly decreased the MDA content of the liver. This observation is similar to the results of Sniedze et al. (1977) who showed that dihydropyridine had an antioxidant function in animals and restrained the oxidation of lipid compounds. SOD protects important organs from attacks by free radicals and maintains their normal physiological function by disposing of excessive free radicals. Paradis et al. (1997) reported that dihydropyridine combined with terminal oxidase cytochrome P450 which form a complex that significantly restrains the activity of NADPH-cytochrome reductase, and thus restrained NADPH production.
Results of this study also showed that dihydropyridine significantly improved the level of ApoB in the liver. ApoB 100 is the most important component of VLDL which is synthesized by the liver and functions in transporting triglycerides out of the liver. ApoB 100 is the most important component of VLDL which is synthesized by the liver. Using immune electron microscopy, Yin et al. (2000) showed that fat was joined to the ApoB chain to form VLDL which then transports endogenetic fat to extrahepatic tissues. Lien & Jan (1999) pointed out that increased synthesis of ApoB could reduce hepatic fat accumulation and accelerate the transport of fat out of the liver.
Dihydropyridine could regulate incretion in the body (Zou et al., 1999) . The present results demonstrate that dihydropyridine increased the T3 level in serum, which agrees with observations by Wu et al. (1999) in pigs. T3 promotes fat mobilization and enzyme hydrolyzation. Valcavi et al. (1997) and Tashi et al. (1998) found that there was a positive correlation between thyroxine and leptin levels and that thyroxine stimulated the secretion of leptin. Leptin is a protein secreted by the adipocytes which maintains the relative stability of body fat by regulating energy metabolism. Dihydropyridine affected the secretion of T3 and insulin, affected the activity of SOD and HSL, and affected the hepatic and abdominal fat percentages, which showed that dihydropyridine had effects on the synthesis, transportation and deposition of fat in the liver.
Conclusion
The present research indicated that dietary dihydropyridine could improve the laying performance of broiler breeder hens and decrease their hepatic and abdominal fat percentage by affecting fat metabolism. The results suggest that 200 mg dihydropyridine/kg diet is the optimal dose for broiler breeder hens.
